Indications for influence of artificial (man-made) activity on radon signals, in simulation experiments G. Steinitz Radon (Rn-222; a radioactive noble gas) is characterized by large temporal variations that differ significantly from variations of (i) other trace elements in geogas (noble gases); (ii) variation patterns of other dynamic geophysical systems (atmospheric, tidal). Consensus exists that there is no simple and straightforward understanding of the phenomena and its behaviour. This lacuna in the understanding of the underlying principles hampers the development of applications-such as radon as a proxy of processes in the seismogenic context. Using results from field investigations and simulation experiments the GSI suggested that an unidentified extraterrestrial component, probably in solar radiation, drives periodic radon signals in the diurnal and annual frequency bands. Recent findings from experimental investigations shed additional perspectives allowing a new evaluation of the issue. Particular transient signals, measured with alpha and gamma detectors, are interpreted to reflect the influence of artificial activity. Criteria are (i) signals lasting several hours that occur around midday on workdays (Sunday-Thursday); (ii) signals composed of a train of around 10 strong pulses, each lasting less than 15 min, occurring within several hours once a week, from Wednesday afternoon/evening to Thursday morning. A first interpretation is that an unidentified artificial activity of some sort (industrial?) generates and emits an unidentified agent that reaches enhanced confined mode experiments at the GSI laboratory, which respond to the incoming agent in the form of radon signals. Developing the capability of identification of such an earth-bound source generating an influencing agent is a key step towards understanding of external influence on radioactivity of radon.
Introduction
The occurrence of radon (Rn-222; a radioactive noble gas) in the geological environment has been investigated since the middle of the twentieth century. Barbosa et al. [1] and others [2] [3] [4] [5] [6] recently presented an extensive overview of radon research in different scenarios: indoor, tectonic, volcanic and as a geochemical tracer. Its behaviour in the geogas (=air in the subsurface porosity) is characterized by large temporal variations that are significantly different compared with variations of (i) other trace elements in geogas (noble gases) and (ii) variation patterns of other dynamic geophysical systems (atmospheric, tidal). Broad consensus exists that there is no simple and straightforward understanding of the phenomena and behaviour of radon, and this is in spite of the relative ease of tracking radon with nuclear detectors in these environs. This lacuna in the understanding of the underlying principles hampers the development of applicationssuch as the prevalent suggestion to apply it as a proxy of mechanical-dynamic processes in the seismogenic and volcanic contexts.
The assumption applied in radon investigations is that the measured nuclear radiation is reflecting its concentration in the air volume sensed by the detector. This assumption relies on the existing understanding that nuclear decay is an intrinsic and random property of the radioactive isotope. The findings at the GSI on radon phenomena raise the possibility that this assumption does not fully reflect the actual situation. The proposition is that external influences are also playing a role in nuclear decay of Rn-222.
At the GSI, two modes of investigation are applied. Research of radon phenomena in geogas has been performed at geological sites in southern Israel since 1990, and since 2007 laboratory simulation experiments have been executed.
Field investigations are using arrays of monitoring sensors emplaced at different geological sites, at depths in the range of 2-150 m [7] [8] [9] [10] [11] . These arrays span a 200 km sector along the Dead Sea Transform, from the northern part of the Dead Sea to Eilat. The monitoring measurements record large radon signals in the geogas. These include periodic signals in the annual and daily periodicity bands, and non-periodic signals with wavelengths of 2-25 days. Similar combinations of such signals occur among sites of an array within a geological unit. On the other hand, among geological units different combinations occur. The similarity of the climatic conditions (arid) at the sites, excludes above surface atmospheric conditions as a cause for these differences. Furthermore, applying statistical analysis in the time, frequency and frequencytime domain using long and high-time resolution time series demonstrates that the variation of atmospheric parameters (P, T) cannot explain the pattern variation of radon. An evaluation of the overall characteristics of the radon signals in geogas in Israel led to raising the unconventional possibility that the periodic components (daily, annual) of the variation are linked directly to the rotational relations of the Earth-Sun system [9] [10] [11] . This conclusion led to suggesting that a component (unidentified) in solar radiation influences these signals-i.e. an extraterrestrial influence.
Results, obtained along similar lines, at subsurface field sites outside Israel [12, 13] support the latter idea of an extraterrestrial influence. This serves as an indication that such influence operates at different locations on the Earth, at very different geologic scenarios and to a depth of hundreds of meters and even 1 km in the crust.
Experiments performed at the GSI for simulation of radon signals are the first of their kind [14] [15] [16] [17] . In these experiments the enhanced confined mode (ECM) is applied (see below). After initiation, attainment of a stable level of nuclear radiation in such a set-up is expected, reflecting a steady state between diffusion and radioactive decay. In contrast with this expectation, systematic temporal variation of the radiation is observed. Large signals occur, the patterns and systematics of which are similar to those of radon signals occurring in geogas.
A key simulation is a long-term multi-sensor reference experiment, acquiring data at a resolution <1 h. Using time series spanning 3.5 years, a linkage of radon signals in geogas and in the simulation experiments is established, based on similar geophysical statistical characteristics of the signals in the time, frequency and frequency-time domains [14, 18] . 
simulation experiments indicates again and probably also confirms that a component in solar radiation influences the periodic signals in radon time series.
The simulation experiments demonstrate three further unique features of the radiation from radon in air [15] [16] [17] [18] , which are interpreted to indicate an extraterrestrial influence: Recent findings in laboratory investigations deal with further types of signals in radon time series that have not been dealt with so far. Their characteristics suggest an eventual influence of artificial activity on the radon system. The observation comes from investigations performed in two separate locations in the premises of the GSI, and involve different analytical systems. A first description of these observations is presented below.
Material and methods
Experimental simulation of radon signals applies the ECM (figure 1). In such a configuration, an elevated level of radon in air is maintained within a tight volume (container) through the diffusion of radon from an attached source. After initiation, attainment of a stable level of nuclear radiation in such a set-up is expected to reflect a steady state between diffusion and radioactive decay. ECM investigations performed by the GSI have different configurations. Radon is supplied from a source that is connected to the ECM volume by Tygon tubing and valves. The industrial source has an intensity of 103.2 kBq. Geological sources consist of ground rock with around 0.5% U supplying intensities of 0.5-3 kBq. Nuclear radiation from the radioactive radon is measured with attached and associated nuclear detectors. In the case of gamma radiation, lead shielding is added to reduce unwanted environmental and unrelated radiation. One investigation is performed using radon in a workroom at semi-confined conditions. Zafrir et al. [19] describe application and performance of the detectors used in the experiments. For gamma measurement the PM-11 (Rotem Ltd., Israel) is used. A 2 × 2 NaI (Tl) crystal scintillator equipped with an single channel analyser (SCA). For alpha measurement, two instrument types are used: BT45N (Algade Inc., France) and AM-611 (Alphanuclear Inc., Canada). Both are based on a Si-diode detector with a sensitive surface of 400 mm 2 .
Data acquisition is with dataloggers (Campbell Inc.) using an integration time of 15 min. Presentation of results in the time domain is on a decimal scale as used in our field and laboratory activity, where day 1 is 1 January 1992. Dataloggers are powered from a battery (12 V) that is continuously charged from the line electricity (220 V), table 1 presents information, for the different experiments, on the stability of the voltage supplied to the dataloggers. The alpha and gamma sensors themselves are fed by a 5 V supply (stabilized) from the dataloggers.
Results
Among the investigations performed at the GSI using ECM experiments and in a semi-confined room some demonstrate signals that are interpreted to reflect the influence of artificial activity. These signals, obtained in different experiments, are measured using alpha and gamma detectors. Two signal types are observed in this context are describe below:
1. Sub-daily signals occurring primarily during work days-D1-5. 
(a) Sub-daily signals on workdays (D1-5)
Sub-daily signal of type D1-5 occurs at two locations within the premises of the GSI: in laboratory ECM experiments and in radon in a workroom.
(i) Goniometer enhanced confined mode experiment
A goniometric ECM experiment (figure 2) is used to examine the relationship between the directionality and the decay rate of radon (see details in [17] ). Using a goniometric configuration, radon (from an industrial source) diffuses into two identical cylinders oriented along the Earth axis of rotation (pole) and in a vertical and perpendicular direction to the latter (V2P). Gamma detectors placed on cylinder ends measure gamma radiation sub-parallel to these directions. Pb shielding (grey) minimizes cross cylinder and environmental influences. The temperature is monitored with a sensor placed inside the Pb shield of the experiment. At steady-state and confined conditions, different patterns of daily signals occur in the two directions. A general description of features in this experiment is given in [17] . Figure 3 shows a more than 450 day interval of the measured signal at the two sensors. Different levels of radiation (adjusted for sensor sensitivity) occur, on which long-and short-term variations are superimposed. Among these, relatively sharp fluctuations are distinct in the time series of V2P.
Two details of 27 days each, from summer (figure 4) and winter (figure 5) show (i) daily signals of sub-rounded form, occurring every day and relatively prominent in the pole direction; (ii) sharp sub-daily signals, which are relatively strong and accentuated in the V2P direction. They are superimposed on the rounded daily signal, have a duration of several hours around midday and occur in some days. Concurrent temperature at the experiment is shown in figures 4a and 5a. not shown) and also short-term fluctuations during daytime due to air conditioning-as heating in winter and cooling in summer. Temperature and radon variation patterns are non-concordant: different relations occur in terms of direction and relative intensity between temperature and the different radon signals in the two directions-at the multi-day, daily and sub-daily patterns.
Cross-correlation analysis between radon and temperature of the data in figures 4 and 5 does not indicate a significant correlation (see electronic supplementary material, Annex C-C.pdf). When summarizing and comparing the relations at sensors pole and V2P positions, it is noted that 1. there is partial inverse correspondence of MD radon patterns and temperature, 2. the daily temperature signal shows a different correspondence versus the daily radon signal, 3. there is anti-correspondence between the negative sub-daily temperature signals versus the corresponding sub-daily signals in pole and V2P. Noticeable is that the sharp midday signals tend to appear as groups at five consecutive days. These signals were recorded from the plot of the time series of V2P. The resulting occurrence of these sharp sub-daily signals is presented in figure 7a as a function of the day-in-week (DIW). The histogram shows a non-uniform distribution, and clearly demonstrates an association to days 1-5, i.e. Sunday to Thursday (DIW 1-5 signal). This distribution of the DIW 1-5 signals is interpreted to reflect a process controlled by artificial activity.
Substantiating the last outcome and using a more subjective criterion for the extraction of the sub-daily signals is demonstrated in figure 6 , for both V2P and pole directions, in the following manner: (i) the measured time series is de-trended (cubic fit) and normalized; (ii) applying the continuous wavelet transform (CWT); (iii) reconstructing the time series using a filter of 1.5-5.5 CPD. This filter removes the daily signal while retaining the sharp non-periodic sub-daily fluctuations, which are superimposed on other variations; (iv) setting a threshold for selecting and counting the sharp sub-daily signals. For the reconstructed time series of V2P a threshold of 0.65 (normalized counts) is chosen, and for pole direction a threshold of 0.5 is chosen. The ensuing DIW distribution in both directions (figure 7, right) of the sub-daily peaks that are above 1 unit value (normalized) show a clear preference to occur in DIW 1-5.
Using this goniometric set-up, Steinitz et al. [17] we show that the amplitudes of the daily signal and of the DIW 1-5 also differ in the two directions. The (inter-calibrated) pole/V2P ratio among the amplitudes of the daily radon signals is around 2. The same ratio for the DIW 1-5 signal is significantly different (approx. 0.5). This probably indicates a different directional pattern and thus also a different source.
(ii) Vertical enhanced confined mode experiment 
(iii) Correspondence of signals among two enhanced confined mode experiments
The two ECM experiments described above: the goniometer ECM ( §3a(i)) and the vertical ECM ( §3a(ii)) are located in the laboratory with a separation of around 1 m between them. Figure 11 shows a 21 day interval demonstrating a high correspondence among the sub-daily D1-5 signals. 
(iv) Radon in a workroom
A further, unexpected result is obtained from radon variation in a workroom. The investigation is performed in an occupied office room (4 × 4 × 3.8 m) located on the ground floor of a provisional building constructed in the 1930s, The two-storey building is constructed of concrete and red bricks. Radon in the room air emanates from the floor, concrete walls and ceiling. In terms of radon, the room is acting as a partially confined system.
A gamma detector (PM-11 produced by Rotem Industries Ltd.; 2 × 2 SCA) is placed horizontally and facing west on a table next to the eastern wall of the room. Figure 12 presents the pattern of the gamma radiation during an interval of around 500 days. A constant level of background gamma radiation (approx. 173 000 counts/15 min) originates from the walls, floor and ceiling of the room. The time series shows variability (approx. 100 counts/15 min) composed of multi-day signals and a weak daily variation due to radon in the air of the room. The supposition that the variability is related to radon in the room was confirmed several times. Forced ventilation of the room (opening of door, windows and using strong fans) during several days lowered the fluctuating gamma signal as radon is flushed out. Furthermore, spectral analysis of the gamma radiation ( figure 13 ) indicates a significant 24 h periodicity which is typical for radon in air at confined conditions [14] [15] [16] .
In addition to the multi-day and daily variation the time series of the gamma radiation contains further sub-daily signals that occur in some days. These sub-daily signals are extracted from the measured signal in the following manner:
1. measurements at 15 min resolution 2. de-trending (linear) and normalization 3. filtering: CWT in the range of 1.5-5.5 CPD and plotting of reconstructed time series (figure 14). 4 . analysing the distribution of sub-daily peaks as a function of DIW. The sub-daily fluctuations are commonly composed, in this case, by two positive peaks and one negative peak. Therefore, the criterion for a pertinent sub-daily was set as a peak < −0.4 (figure 14b). Presenting the occurrence of sub-daily peaks as a function of the DIW ( figure 15 ) shows a distinctive distribution-the signals occur preferentially on workdays (Sunday through Thursday). Thus, they are interpreted to represent D1-5 signals, similar to those determined in the laboratory ECM experiments.
(v) Temperature regime and radon in workroom
As mentioned, temperature variations are often raised as influencing radon measurement in confined and semi-confined conditions. In the case of the latter investigation ( §3a(iv)) the combination of the low radon concentration leading to relatively small (less than 1%) gamma signals on one hand, and the large temperature variations, on the other hand, enable a resilient test for the eventual influence of temperature on the variability of radon. Figure 16 presents the environmental temperature regime using daily averages. Ambient annual and multi-day variations are forcing the room temperature, as shown in figure 16a . In addition, room temperature is also affected by heating and cooling of the work space, as demonstrated using the difference between the ambient and room temperature (figure 16b). The variation pattern of gamma radiation (figure 16b) at this scale is unrelated to the large temperature variation and to a difference between ambient and room temperatures. Cross-correlation analysis between radon and temperature of the data in figures 4 and 5 does not indicate a significant correlation (see electronic supplementary material, Annex C-C.pdf).
Comparing temperature and gamma time series and testing specifically for D1-5 signals in temperature (figure 17) is performed in the same manner used for determining the D1-5 signals (above). Extraction of D1-5 signals from the time series is by 1. de-trending (linear) and normalization, 2. CWT filtering in the range of 1.5-5.5 CPD, 3 . reconstructing the filtered time series, 4. seeking for daily peaks of less than −0.4 (normalized counts).
The same procedure is applied to the room temperature, with a small change-polynomial detrending was applied (to account for the large annual variation). Using the whole dataset-the overall pattern of the filtered time series of gamma measurements differs from that of the room temperature. The filtered temperature and radon variation patterns are different. The variance of the filtered signal is significantly larger in the case of the gamma measurement which contain the artificial events. It is concluded that D1-5 signals in radon are not driven by temperature. The type and pattern of the fluctuations and the timing of the pulses suggest that the influencing factor is related to an external, probably remote, industrial/experimental process.
It is assumed that the steady-state and sub-daily signals reflect different influences. Figure 23 shows the relations between the two sensors of the count rates at the levels of steady state and of the sub-daily peaks. In terms of the analytical set-up, count rate levels at each sensor relate to the radon concentration (diffusive supply from source) and sensitivity of the detector. Both these factors-radon level and sensitivity-differ between the two systems, but are constant in time. Linear regression of the count rates at the two levels indicates a ratio of 0.666 with an intersection (0; 42.5) very close to the origin. This situation is indicating that count rate recording of the combination of alpha radiation from radon and the response of alpha detector are behaving rspa.royalsocietypublishing.org Proc. R. Soc. A in a linear fashion, within the range of values. According to their specification the alpha detectors are responding in a linear fashion. Accepting (i) a constant concentration of radon and (ii) an external influence generating the D4/5 signals implies that alpha emission is due to the relative external influence of the sub-daily peaks compared with an influence at the steady-state level.
Discussion
In our previous works on the simulation of radon signals using ECM experiments, we demonstrated that external drivers influence the nuclear radiation from radon. in solar radiation, i.e. an extraterrestrial influence, was proposed as the driver of the periodic patterns in the annual and daily frequency bands. This contribution presents three different phenomena observed in experimental simulations of radon time series, the patterns of which are unrecognized in natural systems, and can rather be attributed to patterns of artificial activity. The criteria used to characterize these signals are in the time and frequency domains. The patterns suggest that systematic processes connected to artificial activity generate and emit an unidentified agent that reaches the GSI premises and its laboratory. Some ECM experiments (not all; specific?) are influenced and respond to the incoming agent by emitting elevated alpha or gamma radiation from radon as a signal superimposed on the geophysical background variation. At this early stage the location of the artificial activity generating this influence and its nature is unknown. It is outside the premises of the GSI rspa.royalsocietypublishing.org Proc. R. Soc. A compound, probably at considerable distance. Obviously, in such a case, the source of an agent due to artificial activity is bound to the Earth. Identification of such a source(s) of an influencing agent and the associated generating process is central to a new understanding of the temporal variation of radon-in the laboratory and in nature. So far, the notion of an external influence on radon has relied on the identification of an extraterrestrial influence on the nuclear radiation of radon in air-based on geophysical interpretation of observations from geological sites and from ECM simulation experiments. This notion is puzzling as it contains challenging (fundamental) questions. Among the key issues in this context is the identification of the relevant extraterrestrial component (agent). A further and related obstruction is the inability of examining the assumed agent at its source location (extraterrestrial). This obstacle may now be resolved in the light of the discovery, in laboratory experiments, of several radon signal types associated with artificial activity. This situation opens the possibility of locating and then reaching relevant locations. If indeed confirmed, this also opens the possibility of tracking the source and then identifying the underlying generation process.
Sturrock et al. [20] review the issue of variation in beta decay and raise three conjectures to explain observations: environmental, solar and cosmic. The involvement and interaction of extraterrestrial neutrinos is suggested in the case of solar and cosmic conjectures. Following these suggestions the results described in this contribution indicate a further earth-bound source linked to artificial activity that produces neutrinos. Artificial neutrinos are produced in nuclear reactors, accelerators and similar facilities (https://wikipedia.org/wiki/Neutrino#Artificial). Thus, a further conjecture is that radon signals having characteristics indicating artificial activity may be reflecting neutrinos from such source(s), which influence radon decay in some of the ECM experiments. Consequences of this conjecture relate to: 1. Neutrinos, or a further unidentified particle that originates from an associated source and process, influence the nuclear decay in the radon system. The exact process by which neutrinos affect or induce nuclear decay of radon is a further question. 2 . A new tool for neutrino detection and investigation can be suggested. 3 . A new tool for monitoring activity at nuclear reactors is likely, even from considerable distance.
